INTRODUCTION {#sec1-1}
============

Cancers related to the oral cavity are a major public health issue in India, with tobacco and betel chewing being the significant risk factors. Approximately, 77,000 new cases and 52,000 deaths are reported annually.\[[@ref1]\] Squamous cell carcinomas (SCCs) encompass at least 90% of all oral malignancies.\[[@ref2]\] With the World Health Organization expecting a worldwide increase in oral SCC incidence in the next decade,\[[@ref2]\] oral cancer, predominantly SCC, is the major malignancy in India and South East Asia, accounting for up to 50% of all cancers.\[[@ref3]\] The overall 5-year survival rate of oral cancers, including all the stages, has shown little improvement over the past several decades, hovering around 50%. The extent of the cervical lymph node involvement is known to be the significant prognosticator in oral SCC which affects the survival rate of patients.\[[@ref4][@ref5]\] The clinical, radiological or pathological factors that can predict the cervical lymph node metastasis are yet to be clearly ascertained. This poses a clinical challenge in determining the extent of neck dissection as it is associated with functional side effects such as neck pain, fibrosis and shoulder dysfunction.\[[@ref6][@ref7]\] Hence, it is imperative to decide the extent and type of neck dissection to limit the occurrence of functional disability.

Apart from grading carcinomas, many studies have attempted to determine which histologic parameter correlates most strongly with the aggressive biologic behavior. However, certain studies have found that tumor grading based on the histologic and cytologic features of differentiation has only limited value in predicting lymph node metastasis due to intra- and inter-observer disagreements.\[[@ref8]\] Spiro *et al.* found that oral SCC patients with a high-grade pattern of invasion were more likely to present with concomitant nodal metastasis, develop distant metastasis and result in death.\[[@ref9]\] The mode of tumor invasion within the stroma as well as the thickness, depth of invasion and budding of the tumor has been described as the key histopathologic feature which can predict lymph node metastasis.\[[@ref10][@ref11][@ref12][@ref13]\] Therefore, we aim to identify the specific clinical and histopathologic predictors of lymph node metastasis and devise a scoring system based on the key significant predictors to aid in better clinical decision-making regarding the extent of neck dissection.

METHODS {#sec1-2}
=======

Study design {#sec2-1}
------------

This is a retrospective review of 160 patient records and preserved biopsy slides.

General setting {#sec2-2}
---------------

Kerala is a South Indian state with the lowest population (3.44%), highest Human Development Index of 0.79 in 2011, highest literacy rate (93.9%) in the 2011 census and highest life expectancy (77 years).\[[@ref14]\] According to the recent Global Burden of Disease estimates, Kerala has the highest crude cancer incidence. Among all other cancers, oral cancer is one of the top five causes of deaths and disabilities in the state.\[[@ref15]\]

Study setting {#sec2-3}
-------------

Malabar Cancer Centre (MCC) is a specialized cancer treatment center in the southern part of the country. Every year, it treats around 5000 patients for cancer, with nearly 300 patients suffering from oral cancer.

Study population {#sec2-4}
----------------

All patients with oral SCC involving lips, buccal mucosa, tongue, hard palate, retromolar trigone or floor of mouth who had undergone a wide excision with neck node dissection (selective, modified and radical) at MCC between June 2014 and May 2016 were recruited into the study.

Study period {#sec2-5}
------------

The study was carried out between June 2016 and October 2016.

Sources of data and data collection {#sec2-6}
-----------------------------------

Patients who visited the head-and-neck outpatient department of MCC with suspected oral cancer were subjected to a diagnostic procedure namely incision or wedge biopsy. Once a histopathologic diagnosis of SCC is done, the patients are subjected to wide excision of primary tumor with dissection of the draining cervical lymph nodes. After the surgery, the dissected lymph node specimen is sent to the pathology department. Specimen status regarding the number and size is ascertained and is recorded in the histopathology report (HPR).

The sociodemographic and clinical characteristics of the patients who underwent neck dissection for oral SCC were collected from the Medical Records Division, MCC. The lymph node specimens were dissected, and the histopathological factors were noted. Specific histopathological parameters of incision biopsy specimen were ascertained by reexamining the hematoxylin- and eosin-stained glass slides preserved in the archives.

The three parameters namely pattern of invasion (pushing/minimally invasive/frankly invasive), shape of rete pegs (bulbous/uniform to irregular) and the number of keratin pearls were evaluated at 40× (4 × 10) (scanner). Mitosis (both increased and abnormal) and depth of invasion were evaluated at 400× (40 × 10) (high power).

Outcome variable {#sec2-7}
----------------

Lymph node status was the outcome variable. Routinely, after head-and-neck surgery, a lymph node dissection specimen is sent to the pathology department where its number and size were determined and recorded in the HPR. Thereafter, it was accordingly categorized into low risk, moderate risk and high risk based on the number and size of the lymph nodes (AJCC TNM stage 7^th^ Edition).

Operational definitions {#sec2-8}
-----------------------

The rete pegs are classified into slender (elongated, length more than width), bulbous and uniform (rounded, length equal to or less than width) and irregular (of varying shapes and sizes) based on their shape. The pattern of invasion is classified into pushing (leading edge of the tumor is regular), minimally invasive (mild-to-moderate disarray of the leading edge of tumor) and frankly invasive (marked disarray and widely splayed cell groups/single cells at the leading edge).

Data analysis {#sec2-9}
-------------

Data were entered using EpiData entry version 3.1 (EpiData Association, Odense, Denmark) and analyzed using EpiData analysis v2.2.2.182. Double data entry and validation was done to avoid data entry errors. Descriptive statistics such as percentages were used to summarize the demographic and clinicopathologic characteristics. Univariate analysis was done to study the association between various patient characteristics (clinical and histopathologic parameters) and the risk of lymph node metastasis. A logistic regression model was developed to predict the risk of cervical node metastasis. Risk factors that were significantly related to nodal metastasis (*P* \< 0.1) were chosen as candidate variables which were used to develop the logistic regression model. The regression coefficients were used to assign relative scores to predictors. The individual scores were then added to obtain the overall score. Predicted risk (%) was then calculated for each overall score.

Ethical approval {#sec2-10}
----------------

The ethical approval for this study was obtained from the institute\'s Ethics Committee, MCC, Kerala, and the Union Ethics Advisory Group, Paris, France.

RESULTS {#sec1-3}
=======

A total of 160 cases of oral squamous cell cancer were included in the study. Majority of the patients were males (106, 66%), belonging to the elderly age group of 60 years and above (102, 64%). A total of 52 (32%) patients were clinically diagnosed as Stage IV followed by 48 (30%) cases in Stage II. The most common site of tumor was buccal mucosa (80, 50%) followed by tongue (63, 39%). Histological analysis showed predominant well-differentiated tumors in 85% (136) of the cases. The most common shape of rete pegs was irregular (75, 47%) followed by bulbous and uniform (70, 44%). The invasion pattern varied from being pushing in 62 (39%) patients to minimally invasive in 56 (35%) and frankly invasive in 41 (26%) cases. Nodal involvement was not seen in 101 (63%) patients \[[Table 1](#T1){ref-type="table"}\].

###### 

Sociodemographic, clinical and pathological characteristics of patients with oral squamous cell carcinoma diagnosed from June 2014 to May 2016 at Malabar Cancer Centre, Kerala, India

  Characteristics              *n* (%)
  ---------------------------- -----------
  Total                        160 (100)
  Gender                       
   Male                        106 (66)
   Female                      54 (34)
  Age group (years)            
   30-44                       12 (7)
   45-59                       46 (29)
   60 and above                102 (64)
  Clinical staging             
   I                           22 (14)
   II                          48 (30)
   III                         38 (24)
   IV                          52 (32)
  Site of tumor                
   Tongue                      63 (39)
   Buccal mucosa               80 (50)
   Others                      17 (24)
  Histologic differentiation   
   Well differentiated         136 (85)
   Moderately differentiated   17 (11)
   Poorly differentiated       5 (3)
   Not recorded                2 (1)
  Shape of rete pegs           
   Slender and fused           14 (9)
   Bulbous and uniform         70 (44)
   Irregular                   75 (47)
   Not recorded                1 (1)
  Pattern of invasion          
   Pushing                     62 (39)
   Minimally invasive          56 (35)
   Frankly invasive            41 (26)
   Not recorded                1 (0)
  Depth of invasion (mm)       
   0-3                         123 (77)
   \>3                         37 (23)
  Mitotic count                
   0-1 mitosis                 71 (45)
   2-3 mitoses                 74 (46)
   \>3 mitoses                 13 (8)
   Missing                     2 (1)
  Keratin pearls               
   0-1                         36 (22)
   2-3                         42 (26)
   \>3                         81 (51)
   Missing                     1 (1)
  Lymph node status            
   N0                          101 (63)
   N1                          21 (13)
   N2a                         3 (2)
   N2b                         28 (18)
   N2c                         7 (4)
   N3                          0

The clinical and pathologic parameters such as site of cancer (*P* = 0.03), histologic differentiation (*P* = 0.03), shape of rete pegs (*P* = 0.002), pattern of invasion (*P* = 0.0001) and depth of invasion \>3 mm (*P* = 0.016) were found to be significantly associated with the risk of lymph node metastasis \[[Table 2](#T2){ref-type="table"}\].

###### 

Demographic, clinical and pathological factors associated with the risk of cervical lymph node metastasis among patients with oral squamous cell carcinoma at Malabar Cancer center, Kerala, India, 2014-2016

  Characteristics              Low risk, n (%)   High risk, n (%)   Total, n   P        Regression coefficients
  ---------------------------- ----------------- ------------------ ---------- -------- -------------------------
  Age group                                                                             
   30-44                       7 (58)            5 (42)             12         0.67     \-
   45-59                       36 (78)           10 (22)            46         \-       
   60 and above                79 (77)           23 (23)            102        \-       
  Clinical staging                                                                      
   I                           18 (82)           4 (18)             22         0.38     \-
   II                          41 (85)           7 (15)             48         \-       
   III                         29 (76)           9 (24)             38         \-       
   IV                          34 (67)           17 (33)            51         \-       
  Tumor site                                                                            
   Tongue                      44 (70)           19 (30)            63         0.03     0.12
   Buccal mucosa               66 (83)           14 (17)            80         0.03     
   Others                      10 (59)           7 (41)             17         0.19     
  Histologic differentiation                                                            
   Well                        109 (80)          27 (20)            136        0.03     0.09
   Moderate                    9 (53)            8 (47)             17         0.32     
   Poor                        2 (40)            3 (60)             5          0.47     
  Shape of rete pegs                                                           0.002    
   Slender and fused           12 (86)           2 (14)             14         0.10     
   Bulbous and uniform         58 (83)           12 (17)            70         0.22     
   Irregular                   52 (69)           23 (31)            75         0.29     
  Pattern of invasion                                                                   
   Pushing                     54 (87)           8 (13)             62         0.0001   0.08
   Minimally invasive          44 (79)           12 (21)            56         0.17     
   Frankly invasive            24 (58)           17 (42)            41         0.49     
  Depth of invasion (mm)                                                                
   0-3                         99 (80)           24 (20)            123        0.016    0.09
   \>3                         23 (62)           14 (38)            37         0.27     
  No of keratin pearls                                                                  
   0-1                         26 (72)           10 (28)            36         0.29     \-
   2-3                         35 (83)           7 (17)             42         \-       
   \>3                         60 (74)           21 (26)            81         \-       
  Mitotic count                                                                         
   0-1                         55 (77)           16 (23)            71         0.35     \-
   2-3                         54 (73)           20 (27)            74         \-       
   \>3                         11 (85)           2 (15)             13         \-       

Predictors of nodal metastasis were scored relative to the regression coefficients in the logistic regression model, which are listed in [Table 3](#T3){ref-type="table"}. The minimum total risk score is 4 for a patient without any risk factors, whereas the maximum possible score is 18. The predicted probabilities of nodal metastasis for each risk score ranged from 5% for a patient with a score of 4 to 91% for a patient with the highest possible score of 18 \[[Table 4](#T4){ref-type="table"}\].

###### 

Risk scores for cervical node metastasis among patients with oral squamous cell carcinoma, Malabar Cancer Centre, Kerala, India, during 2014-2016

  Risk factor                  Score
  ---------------------------- -------
  Shape of rete pegs           
   Slender and fused           1
   Bulbous and uniform         2
   Irregular                   3
  Pattern of invasion          
   Pushing                     1
   Minimally invasive          2
   Frankly invasive            5
  Depth of invasion (mm)       
   0-3                         1
   \>3                         3
  Histologic differentiation   
   Well                        1
   Moderate                    3
   Poor                        5
  Site of cancer               
   Buccal mucosa               0
   Tongue                      1
   Others                      2

###### 

Predicted risk of cervical node metastasis among the patients with oral squamous cell carcinoma, Malabar Cancer Centre, Kerala, India, during 2014-2016

  Total risk score   Predicted risk (%)
  ------------------ --------------------
  4                  5
  5                  9
  6                  13
  7                  18
  8                  21
  9                  27
  10                 31
  11                 39
  12                 48
  13                 54
  14                 67
  15                 79
  16                 83
  17                 86
  18                 91

Figures [1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"} depict the depth and pattern of invasion and tumor differentiation.

![Depth of invasion of 3 mm, measured by micrometer (H and E, ×400)](JOMFP-23-36-g001){#F1}

![Frankly invasive pattern (H and E, ×400)](JOMFP-23-36-g002){#F2}

![Minimally invasive pattern (H and E, ×40)](JOMFP-23-36-g003){#F3}

![Round and bulbous rete pegs (H and E, ×40)](JOMFP-23-36-g004){#F4}

DISCUSSION {#sec1-4}
==========

In this study, we have attempted to predict the biologic behavior of oral SCC seen in the different subsites of the oral cavity based on major histologic characteristics. A significant statistical association was found between the risk of cervical lymph node metastasis and the four histological parameters of differentiation, namely shape of rete pegs, pattern of invasion and depth of invasion as well as the site of cancer.\[[@ref16]\] For patients with pN0, majority were well differentiated with depth of invasion \<3 mm; almost half of the total number of patients had uniform rete pegs with pushing margins. A scoring system was also devised to aid in clinical decision-making.

Depth of invasion (≥3 mm) was significantly associated with the risk of cervical lymph node metastasis, similar to the findings of Seki *et al.*\[[@ref10]\] Several studies showed that a tumor depth of \>4 mm showed a high risk for nodal metastasis, whereas in those by Kane *et al.* and Fukano *et al.*, it was \>5 mm.\[[@ref13][@ref17][@ref18][@ref19][@ref20]\] In contrast, Goerkem *et al.* found no significant association between tumor depth and risk of nodal metastasis.\[[@ref21]\]

Similar to the findings in previous studies, moderate-to-poor histologic differentiation was also associated with lymph node metastasis.\[[@ref21][@ref22][@ref23]\] Of the pN0 cases (T1--T4), the overwhelming majority were histologically well differentiated \[[Figure 5](#F5){ref-type="fig"}\]. In the same way, pattern of invasion also had a prognostic implication on nodal metastasis, thus supporting the findings from literature.\[[@ref17][@ref21][@ref24][@ref25]\]

![Well-differentiated oral squamous cell carcinoma (H and E, ×40)](JOMFP-23-36-g005){#F5}

The risk score developed in this study is designed to be a convenient tool to predict the risk of cervical node metastasis based on the clinicopathologic parameters. The point score assigned to each risk factor was derived using a well-fit logistic regression model, which included risk factors consistent with other literature. The scores were assigned relative to the regression coefficients in the model consistent with the methodology outlined by Moons *et al.*\[[@ref26]\] This score might aid the surgeon in deciding the extent of neck dissection, thereby limiting the functional side effects of a radical neck dissection.

It is worth mentioning that although a high-risk score can fairly predict the risk of nodal metastasis, it is not designed to precisely predict a single patient\'s treatment outcome. In addition, an individual patient may have other clinical factors not included in the model that are associated with the outcome. Therefore, the risk score should be used as a tool to help physicians and patients make informed decisions, but not to predict a patient\'s disease outcome. We look forward to test the generalizability of the risk score developed in this study by testing it on other patient populations.

The limitation of the study was that other clinical factors could not be assessed for their role in predicting the risk of nodal metastasis.

CONCLUSION {#sec1-5}
==========

The clinical and histopathologic factors studied herein permit greater selectivity and more informed decision-making while addressing elective neck treatment for oral cancers. Although the risk score needs to be tested in other patient populations, it is a convenient tool that aids in better clinical decision-making regarding the extent of neck dissection.
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